Shimatogarashi (Capsicum frutescens) were compared to Takanotsume peppers (Capsicum annuum) as the control.
Introduction
Chili peppers (Capsicum spp.) are remarkable culinary ingredients because of their attractive color, spiciness and complex aroma, making them appealing components of cuisines throughout the world. Nowadays, these fruits are not only eaten fresh, but are also dehydrated or used in sauces, infusions and as additives.
Capsicum fruits are not only a well known culinary ingredient, but researchers have also identified many health benefits, such as antioxidant, antianalgesic and antiobesity effects, related to their capsaicinoids (Luo et al., 2011) .
Regarding consumer preference for chili peppers, several factors are taken into consideration, such as flavor, aroma, pungency and appearance. Flavor perception is affected by a combination of these factors, and which has the potential to increase appetite; thus, flavor additives in food products increase their value (Eggink et al., 2012) .
Chili peppers are believed to originate in the tropical climates of South and Central America, and the Galapagos (Walsh and Hoot, 2001) . Of the 25 species of the genus Capsicum investigated, Yamamoto (2013) reported that two species had been introduced to Japan: C. annuum and C. frutescens, known in Japan as Takanotsume and Shimatogarashi, respectively. Takanotsume is a commonly used pepper in mainland Japan, whereas Shimatogarashi is mostly cultivated in the Okinawa region of Japan. In this region, Shimatogarashi peppers are traditionally used in the uniquely flavored spice known as koregusu.
Flavor characteristics and food functional properties can be used to differentiate between cultivars and their place of origins, as well as to assess their authenticity. For example, in order to prevent fraud, the volatile composition of Brazilian chili peppers (Capsicum spp.) had been profiled. However, the compositional investigation of chili peppers is challenging owing to their edaphoclimatic nature and large genetic diversity (Junior et al. 2012) . The flavor characteristics (volatile composition in particular) and functional properties (antioxidant activity in particular) of chili peppers, especially C. annuum, which includes Takanotsume, have been studied (Eggink et al., 2012; Meckelmann et al., 2013) , as they are one of the best known and most widely used spice crops in the world. In contrast, C. frutescens domesticated in subtropical Asian regions, and particularly Shimatogarashi peppers from Okinawa, have not been extensively investigated. Thus, it is of great interest to determine the food properties of Shimatogarashi in terms of flavor characteristics and functional properties.
The aim of this study was to characterize the physical properties and flavor quality attributes, such as organic acid and capsaicinoid composition and volatile components, of Shimatogarashi compared to Takanotsume as the control. We also evaluated the functional properties of the peppers by analyzing total phenolic content and antioxidant activity using oxygen radical absorption capacity (ORAC) assay. This is the first report on the physical properties, flavor characteristics and antioxidant capacity of Shimatogarashi in Okinawa, Japan. were streamed to a post-column reactor and mixed at a ratio of 1:1 before detection with a Shimadzu CDD-6A conductivity detector.
Materials and Methods

Plant materials
The column, guard column and post-column reactor were maintained at a constant temperature of 40℃ using a Shimadzu CTO-10 AC oven, and the injection volume was 10 μL. The concentrations of citric and malic acids were calibrated by plotting peak area against concentration for the respective acid standards and were expressed as mg/100 g-fresh weight (FW). All assays were performed in triplicate.
L-Ascorbic acid concentration was determined by the method with o-phosphoric acid). The flow rate and oven temperature were 0.7 mL/min and 28℃, respectively. The injection volume of samples and standards was 5 μL. The ascorbic acid peak was monitored at 254 nm and its concentration was calibrated by plotting peak area against standard concentrations, which was expressed as mg/100 g-FW. All assays were performed in triplicate.
Analysis of capsaicinoids Capsaicinoids, including capsaicin
and dihydrocapsaicin, were extracted from the fruit according to the procedure reported by Minami et al. (1998) , with the following modifications. Ground freeze-dried fruit without peduncles 
Conversion to Scoville heat units The Scoville heat unit (SHU) is
an index of chili pepper pungency and is related to the concentration of capsaicinoids, including capsaicin, dihydrocapsaicin and nordihydrocapsaicin, in the fruit (Gonzales-Zamora et al., 2013) , and was calculated according to Equation 1:
where CAP is the concentration (ppm) of capsaicin, DHC is the concentration (ppm) of dihydrocapsaicin and nDHC is the concentration (ppm) of nordihydrocapsaicin.
Analysis of volatile compounds
Whole fruits without peduncles were frozen using liquid nitrogen and ground in a mortar. The ground sample (1 g) in the vial was stored in a freezer ( _ 20℃) until analysis. Following the methods reported by Eggink et al. (2012) , the stored sample was incubated at 30℃ for 10 min, and 100 mM EDTA-NaOH (1 mL, pH adjusted to 7.5 with NaOH) solution and ethyl nonanoate (40 μL, 0.11 mg/mL in ethanol) as an internal standard were added. Calcium chloride (2 g) was added to halt the enzymatic reaction and the vial was sonicated for 5 min.
The solution (1 mL) was pipetted to a 10 mL crimp cap vial (Agilent Technologies, Santa Clara, CA, USA) and used for the SPME fiber exposure according to the methods reported by Junior et al. (2012) . The volatile compounds were desorbed from the fiber in the GC injector (split ratio 1:1) at 250℃ for 1 min. The fiber was 
Statistical analysis The values of physical properties (n = 30),
color analysis (n = 6) and the other measurements (n = 3) were expressed as means ± standard deviation. The statistical difference was determined using a two-sided Student's t-test. Differences were considered significant at p < 0.05 or 0.01.
Results and Discussion
Physical properties Shimatogarashi peppers were smaller and lighter than Takanotsume peppers (Table 1) , and the physical properties were within the ranges reported by Jarret et al. (2007) .
The flesh to seed weight ratio was also lower in Shimatogarashi, which suggested that it had thinner flesh and less placental tissue compared to Takanotsume. Pino et al. (2007) . The red color was mainly due to the composition of capsanthin and capsorubin, the distinctive pigments in the genus Capsicum (Giuffrida et al., 2013) .
O r g a n i c a c i d s T h e p r e d o m i n a n t o r g a n i c a c i d s i n
Shimatogarashi and Takanotsume were malic acid and citric acid, respectively (Table 3) . Luning et al. (1994) reported malic, citric and ascorbic acids as the prevalent organic acids in fresh bell peppers (C. annuum). They also reported that total citric acid content, and L-ascorbic acid content to a lesser extent, contributed to sourness, while malic acid contributed negatively to sourness.
Furthermore, Eggink et al. (2012) observed that among the organic acids in chilies, the citric acid content correlated well with sourness; however, the relationship between organic acids and sourness perception might not be significant, owing to possible interference from volatile and non-volatile compounds or texture differences of the fruit. The citric acid content in Shimatogarashi (154.8 ± 7.4 mg/g FW) was within the range for C. annuum L.
(155 _ 393 mg/g FW) reported by Matsufuji et al. (2007) . The L-ascorbic acid contents (Table 3) reported for Shimatogarashi and Data are expressed as means ± standard deviation (n = 6) Takanotsume (65.8 and 105.6 mg/100 g FW, respectively) were slightly higher than the range reported by Topuz and Ozdemir (2007) for C. annuum L. (15.2 _ 64.9 mg/100 g FW) using similar extraction methods.
Pungency Shimatogarashi had a nearly three-fold higher capsaicin and dihydrocapsaicin content than Takanotsume. The capsaicinoid content reported for Shimatogarashi and Takanotsume was within the range observed in previous reports for C. frutescens (Jarret et al., 2007) and C. annuum (Minami et al., 1994) . As major compounds, capsaicin and dihydrocapsaicin comprised about 79 _ 90% of the total capsaicinoid content during maturation (Barbero et al., 2014) . Interestingly, the capsaicin to dihydrocapsaicin ratios in Shimatogarashi and Takanotsume were 1.15 and 0.82, respectively. Chili pepper pungency is expressed as SHU, and the calculated values are shown in Table 3 . SHU is related to the concentrations of capsaicinoids, including capsaicin, dihydrocapsaicin and nordihydrocapsaicin, in chili (Gonzales- Zamora et al., 2013) . Since other capsaicinoids, including nordihydrocapsaicin, in Takanotsume and Shimatogarashi were detected in trace quantities (data not shown), the SHU was also assessed using the concentration of capsaicin and dihydrocapsaicin alone in this study. Based on the SHU classification of pungency levels by Weiss (2002) , Shimatogarashi can be classified as highly pungent and Takanotsume as moderately pungent. Another study by Al-Othman (2011) categorized five varieties of C. annuum L. as follows: hot chilies as highly pungent, red chilies as moderately pungent, green chilies as mildly pungent, and green, yellow and red bell peppers as non-pungent.
Volatile compounds Shimatogarashi and Takanotsume had 48
volatile compounds in common. 2-Hexenal, which has a strong impact on the aroma attributes of sweet peppers (C. annuum) according to Eggink et al. (2012) , was prevalent in Shimatogarashi, while it was the second most common volatile compound in Takanotsume (Table 4 ). In Shimatogarashi, the peak area of hexanal was larger than in Takanotsume, which may suggest that Shimatogarashi had fresher notes compared to Takanotsume.
Hexanal, 2-hexenal and hexanol were also reported by Ziino et al. 2,3-butanedione, 2-isobutyl-3-methoxypyrazine and 3-carene. In this study, 2,3-butanedione, 2-isobutyl-3-methoxypyrazine and 3-carene were not detected in either Shimatogarashi or Takanotsume peppers. However, we found 2-penten-1-ol in both chilies, which was described by Eggink et al. (2012) as a significant contributor to pepper flavor, imparting fruity/apple and sweetness attributes.
Aldehydes were prevalent volatile compounds in Shimatogarashi;
while in Takanotsume, terpenoids were the major constituents ( Octadecanal, heptanol, p-cymene, hexyl 2-methyl propanoate,
(Z)-3-hexenyl 2-methylbutanoate and pentanoic acid were found in S h i m a t o g a r a s h i b u t n o t i n T a k a n o t s u m e . B o t h h e x y l 2-methylpropanoate and (Z)-3-hexenyl 2-methylbutanoate were described as having a strong fruity odor (Burdock, 2010) . Bauer et al. (2001) The ester content in Shimatogarashi was higher than in Takanotsume (Fig. 1) . Many esters contribute to fruity flavors (Bauer et al., 2001) . Namely, 3-methylbutyl 2-methylbutanoate, hexyl 2-methylpropanoate, (Z)-3-hexenyl 2-methylbutanoate, hexyl 2-methylbutanoate, hexyl 3-methylbutanoate and ethyl hexanoate were associated with fruity notes (Rodriguez-Burruezo et al., 2010; Burdock, 2010) . While 3-methylbutyl 2-methylbutanoate, hexyl 2-methylbutanoate, hexyl 3-methylbutanoate and ethyl hexanoate were found in both chilies, hexyl 2-methylpropanoate and (Z)-3-hexenyl 2-methylbutanoate were only found in Shimatogarashi.
Shimatogarashi had higher hexyl 2-methylbutanoate and hexyl-3-methylbutanoate contents than Takanotsume. These compounds are attributed to the fruity and sweet notes (Kollsmanberger et al., 2011) .
Methyl salicylate was also found to be a major component in the volatile compound profile of both chilies, and was more prevalent in Shimatogarashi than in Takanotsume. This supports the results of Rodriguez-Burruezo et al. (2010) , who found that methyl salicylate was detected in C. frutescens through smell, but was not noticeable in C. annuum and C. chinense varieties.
Conversely, guaiacol, a trace compound found in capsaicin's thermal degradation products (Henderson and Henderson, 1992) , was found in a larger concentration in Takanotsume than in Shimatogarashi. Among other phenolic volatiles, benzyl alcohol was found in small amounts in both chilies. The volatile compounds contributing to the floral-fruity aroma of C. frutescens and C. annuum (Rodriguez-Burruezo et al., 2010) ,
i.e., α-ionone and β-ionone, were classified as norcarotenoids (Table 4) . α-Ionone was more prevalent in Shimatogarashi, while β-ionone was more prevalent in Takanotsume.
Antioxidant properties The ORAC value of Shimatogarashi was significantly higher than that of Takanotsume. This might correlate with the total phenolic content in Shimatogarashi (3.28 ± 0.28 mg GAE/g FW), which was higher than in Takanotsume (2.54 ± 0.07 mg GAE/g FW). A positive correlation was also reported by Meckelmann et al. (2013) in C. annuum, C.
baccatum, C. chinense and C. frutescens varieties. The capsaicinoid content (Table 3 ) might also influence the phenolic content and ORAC due to their antioxidant properties (Li-E et al., 2008) . The phenol derivatives in the volatile compound profile of Shimatogarashi also had a larger peak area compared to Takanotsume (Fig. 1) . However, L-ascorbic acid did not appear to be correlated with the ORAC value, which is in agreement with the study of Alvares-Parrilla et al. (2011) . Since phenolic compounds and the capsaicinoid content are important factors affecting the antioxidant activity of chilies, this information might lead to practical product development and quality control of chili products.
Overall, the ORAC and total phenolic content for Shimatogarashi (90.65 ± 1.55 μmol TE/g FW and 3.28 ± 0.28 mg GAE/g FW) and
Takanotsume (59.17 ± 6.06 μmol TE/g FW and 2.54 ± 0.07 mg GAE/g FW) shown in Fig. 2 , were higher than for C. annuum (ORAC value of 12.67 μmol TE/g FW and total phenolic content of 1.70 mg GAE/g FW for red mature fruits) reported by Isabelle et al. (2010) .
Conclusion
The physical properties, flavor quality attributes and antioxidant capacity were determined for Shimatogarashi in comparison to
Takanotsume as a control. Physically, Shimatogarashi was smaller and brighter in color than Takanotsume. The Shimatogarashi pepper had a different organic acid content and was more pungent than Takanotsume, owing to the higher concentration of capsaicinoids.
Shimatogarashi was characterized by a fresh, fruity aroma, attributed to its aldehyde and ester contents, while Takanotsume was warm and herbaceous, owing to its terpenoid content. Shimatogarashi exhibited higher antioxidant capacity compared to Takanotsume, attributable to its higher phenolic and capsaicinoid contents. The current results indicated that Shimatogarashi demonstrated unique characteristics in terms of physical, flavor and functional properties compared to the control cultivar. The flavor attributes and functional properties determined in this study can be utilized to differentiate between cultivars and their places of origin, and to confirm their authenticity.
